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Sawko s e r v i n g  as  t h e  NASA Technica l  Monitor .  

M r .  R .  H. Pusch served as  Woven S t r u c t u r e s '  Program 
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1 . 0  INTRODUCTION AND BACKGROUND 

' 

A s  a p a r t  of a NASA program t o  enhance t h e  f l e x i b l e  
r e u s a b l e  s u r f a c e  i n s u l a t i o n  mater ia l s  f o r  Advanced 
Space T r a n s p o r t a t i o n  Systems, b l a n k e t  t y p e  i n s u l a t i n g  
materials w e r e  produced by Woven S t r u c t u r e s  on p r e v i o u s  
e f f o r t s .  These  the rma l  b l a n k e t s  w e r e  made from HITCORE, 
Woven S t r u c t u r e s '  t r a d e  name f o r  f l u t e d  core f a b r i c ,  an  
i n t e g r a l l y  woven m a t e r i a l  w i t h  p a r a l l e l  f a b r i c  f a c e s  
connec ted  t o  each  o t h e r  by f a b r i c  r i b s .  The HITCORE 
f a b r i c  can be  des igned  wi th  a v a r i e t y  of f l u t e  cross 
s e c t i o n  c o n f i g u r a t i o n s  i n c l u d i n g  t r i a n g u l a r  and 
r e c t a n g u l a r ,  t h e  l a t t e r  of  which w a s  p r e v i o u s l y  
s u p p l i e d  t o  NASA. A l s o  s u p p l i e d  w a s  one c o n f i g u r a t i o n  
t h a t  had t w o  l a y e r s  of r e c t a n g u l a r  f l u t e s  between t h e  
o u t e r  f a b r i c  faces. ASTROQUARTZB y a r n s  were used t o  
weave m o s t  of t h e  f a b r i c s  and t h e  f l u t e s  w e r e  f i l l e d  
w i t h  h i g h  t e m p e r a t u r e  f i b r o u s  i n s u l a t i o n .  See F i g u r e  
1-1. 

The concep t  of  u s i n g  t h i s  t y p e  of b l a n k e t  i n s u l a t i o n  f o r  
Advanced Space T r a n s p o r t a t i o n  Systems appeared  a t t r a c t i v e  
p a r t l y  because  of  t h e  i n t e g r a l  bond between t h e  two 
f a b r i c  f a c e s  t h a t  a s su red  conta inment  of t h e  i n s u l a t i o n  
m a t e r i a l  when s u b j e c t e d  t o  s e r v i c e  t e m p e r a t u r e s  and loads.  
The m a t e r i a l  was a l so  s u f f i c i e n t l y  f l e x i b l e  t o  conform 
t o  geomet r i c  c o n t o u r s ,  and cou ld  be t a i l o r e d  t o  m e e t  
thermal and mechanical  d e s i g n  r e q u i r e m e n t s  by v a r y i n g  
f l u t e  s i z e ,  f a b r i c  r a w  m a t e r i a l s ,  and i n s u l a t i o n  f i l l e r s .  

T h e  p o s s i b i l i t y  of u s ing  some of  t h e  new h igh  t e m p e r a t u r e  
y a r n s  f o r  weaving f l u t e d  core fo r  t h e  NASA program w a s  of 
in te res t ,  and i n  October 1983  a c o n t r a c t  was awarded t o  
Woven S t r u c t u r e s  t o  produce f o u r  b l a n k e t  c o n f i g u r a t i o n s  
u s i n g  t h e s e  y a r n s .  

BASTROQUARTZ - Trade  name of J. P.  S t evens  C o .  
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RECTANGULAR FLUTED CORE 

DOUBLE LAYER RECTANGULAR 
FLUTED CORE 

FIGURE 1 - 1 
WOVEN FLUTED CORE CONFIGURATIONS MADE FOR PREVIOUS 
WASA DEVELOPMENT PROGRAMS . INSULATION MANDRELS 

SHOWN BEING INSERTED INTO FLUTES. 
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2.0 TECHNICAL PROGRAM 

2 . 1  Objectives 

I 

The program g o a l  w a s  t o  produce t h r e e  y a r d s  each  of 
f o u r  i n s u l a t i o n  b l a n k e t s  made f r o m  woven f l u t e d  core 
f a b r i c s  as fo l lows :  

I t e m  1. S i n g l e  l a y e r  t r i a n g u l a r  HITCORE p a n e l ,  having  
a 1.27 c m  ( 1 / 2  i n c h )  cel l  h e i g h t  and 66.04 c m  (26 i n c h )  
minimum width .  F a b r i c  w a s  t o  be woven from NEXTELB 
ceramic y a r n  i n  a p l a i n  weave w i t h  a t a rge t  ya rn  c o u n t  
of 10.2/cm x 10.2/cm (26 / in .  x 2 6 / i n . ) .  The t a rge t  
face f a b r i c  areal  weight  was t o  be 0.421 Kg/sq meter 
(49.6 oz/sq y d ) .  The f l u t e d  ce l l s  were t o  be f i l l e d  

w i t h  3.57 Kg/cubic meter (6 l b s / c u b i c  f o o t )  Q-FIBER 
FELT@, and t h e  t a r g e t  i n s u l a t e d  p a n e l  we igh t  w a s  
2.91 Kg/sq meter (86 oz /sq  y d ) .  

I t e m  2 .  Double l a y e r  t r i a n g u l a r  HITCORE p a n e l ,  each  
l a y e r  having  a 1 . 2 7  a n  ( 1 / 2  i n c h )  ce l l  h e i g h t  and 
66.04 c m  (26 i n c h )  minimum wid th .  The y a r n  and f a b r i c  
c o n s t r u c t i o n  and t h e  target face fabr ic  areal  weight  
were t o  be t h e  same as  I t e m  1. The t o t a l  f ab r i c  t a r g e t  
we igh t  w a s  t o  be 2.91 Kg/sq m e t e r  (85.8 o z / s q  y d ) .  One 
l a y e r  o f  f l u t e d  cells  was t o  be f i l l e d  w i t h  Q-Fiber  F e l t  
a s  i n  I t e m  1 and t h e  o t h e r  l a y e r  w i t h  NASA-supplied 
FRCI-20-12 Type 3. The ta rge t  i n s u l a t e d  p a n e l  we igh t  
w a s  5.87 Kg/sq meter (173 o z / s q  y d ) .  

I t e m  3. S i n g l e  l a y e r  t r i a n g u l a r  HITCORE p a n e l ,  having  
a 1.27 c m  ( 1 / 2  i n c h )  cel l  h e i g h t  and 66.04 c m  (26 i n c h )  
minimum width .  The bottom face w a s  t o  be woven from 
Nex te l  ceramic y a r n  and t h e  t o p  f a c e  from NICALONO 
s i l i c o n  c a r b i d e  ya rn .  The t o p  face was t o  have a t a r g e t  
coun t  of 6.3/cm x 6.3/cm (16 / inch  x 1 6 / i n c h ) ,  and t h e  
bottom f a c e  9.45/an x 9.45/cm (24 / inch  x 2 4 / i n c h ) .  The 
t a rge t  t o p  face a rea l  weight  w a s  t o  be 0.258 Kg/sq meter 
(7 .6  o z / s q  yd)  and t h e  bottom face areal  weight  0.387 
Kg/sq meter ( 1 1 . 4  oz/sq yd) . T o t a l  fabr ic  weight  w a s  
t o  be 1 . 4 2  Kg/sq meter (41.8 o z / s q  yd)  . The f l u t e d  
cel ls  were t o  be f i l l e d  w i t h  Q-Fiber  F e l t  as i n  I t e m  1, 
and t h e  t a r g e t  i n s u l a t e d  p a n e l  we igh t  w a s  2.64 Kg/sq 
meter (78 o z / s q  y d ) .  

I t e m  4 .  S i n g l e  l a y e r  t r i a n g u l a r  HITCORE p a n e l  having  a 
1.27 c m  ( 1 / 2  i n c h )  c e l l  h e i g h t ,  woven e n t i r e l y  from 
Nica lon  s i l i c o n  c a r b i d e  ya rn .  The t a rge t  y a r n  c o u n t  w a s  
t o  be 6.3/cm x 6.3/cm (16/ inch  x 1 6 / i n c h ) .  The tarqet  
face fabr ic  areal  weight  w a s  t o  be 0.258 Kg/sq meter 
(7.6 oz/sq y d ) ,  and t h e  t o t a l  f ab r i c  we igh t  w a s  t o  be 

ONEXTEL - Trade  name of  3 M  Company 
BQ-FIBER FELT - Trade name of  Johns-Manville Corp. 
BNICALON - Trade name of  Nippon Carbon C o . ,  I n c .  
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1.03 Kg/sq meter (30.4 o z / s q  y d ) .  The f l u t e d  ce l l s  w e r e  
t o  be f i l l e d  w i t h  Q-Fiber F e l t  as i n  I t e m  1, and t h e  
target  i n s u l a t e d  p a n e l  w e i g h t  w a s  t o  be 2.25 Kq/sq meter 
(66.4 o z / s q  y d ) .  

A l l  p a n e l s  w e r e  t o  be h e a t  c l e a n e d  a t  454.4OC (850OF) 
for  fou r  hour s  t o  remove most o r g a n i c  mat ter .  Q-Fiber 
F e l t  was a l s o  t o  be h e a t  c l e a n e d  fo r  t w o  hour s  a t  these 
t empera tu res  p r i o r  t o  i n s e r t i o n  i n  the f l u t e s .  

F igu re  2-1 i l l u s t r a t e s  t h e  f o u r  i t e m s  s c h e m a t i c a l l y .  

2.2 Program P l a n  

The t a s k s  r e q u i r e d  for  producing  t h e  f o u r  p a n e l s  are  as  
shown i n  F i g u r e  2-2. The d i s c u s s i o n  t h a t  fol lows c o v e r s  
t h e  e f f o r t  i nvo lved  i n  these tasks  as w e l l  as some of 
t h e  c o n s i d e r a t i o n s  and problems encoun te red  d u r i n g  t h e  
cour se  of t h e  program. 

2.2.1 F a b r i c  Design & Programming. T h i s  t a s k  invo lved  l a y i n g  
o u t  t h e  prede termined  number o f  f i l l  y a r n s  ( p i c k s ) ,  t o  
in te rweave  p r o p e r l y  w i t h  t h e  r e q u i r e d  number o f  warp 
y a r n s  t o  produce t h e  d e s i r e d  f a b r i c  c o n s t r u c t i o n  and 
f l u t e  dimensions.  C o n s i d e r a t i o n  had t o  be g iven  t o  t h e  
des ign  o f  t h e  ya rn  l o c k i n g  ar rangement  a t  t h e  nodes of 
t h e  t r i a n g l e s  t o  m i n i m i z e  broken e n d s  a n d  weave s e p a r a t i o n  
t h a t  might occur  d u r i n g  weaving. Schemat ics  of t h e  
weave and node d e s i g n s  are shown i n  F i g u r e s  2-3 t o  2-7. 
O f  t h e  f o u r  node l o c k i n g  d e s i g n s  shown i n  F i g u r e  2-7, 
Type I1 w a s  selected a t  t h e  s t a r t  of t h e  program. 
During t h e  weaving of t h e  f i r s t  ceramic f a b r i c ,  severe 
breakage occur red  because  of t h e  h i g h  y a r n  c o n c e n t r a t i o n  
a t  t h e  nodes.  T h e  Type I V  d e s i g n  was t h e n  i n t r o d u c e d  
and t h e  node breakage  problem w a s  e l i m i n a t e d .  Most of 
t h e  d imens iona l  d i f f e r e n c e s  no ted  i n  t h e s e  i l l u s t r a t i o n s  
w e r e  r e q u i r e d  because of d i f f e r e n c e s  i n  ya rn  d i a m e t e r s .  
T h i s  was n e c e s s a r y  t o  approach t h e  t a r g e t  1.27 c m  
(1/2 i nch )  c e l l  h e i g h t  common t o  a l l  f o u r  i t e m s .  I t  

w a s  recognized  t h a t  t h e  o r i g i n a l  d e s i g n s  might  have 
t o  be modified somewhat d u r i n g  t h e  weaving t a s k  if 
necessa ry  t o  achieve t h e  t a r g e t  c e l l  h e i g h t s  more c l o s e l y .  
During t h e  program it proved n e c e s s a r y  t o  increase t h e  
face f ab r i c  p i c k  c o u n t s  of t h e  three s i n g l e  l a y e r  c o r e  
f a b r i c s ,  I t e m s  1, 3 and 4, i n  o r d e r  t o  a t t a i n  t h e  p r o p e r  
ce l l  dimensions.  However, no major changes i n  t h e  
o r i g i n a l  d e s i g n s  w e r e  r e q u i r e d .  

Also a s  p a r t  of t h e  d e s i g n  t a s k ,  t h e  y a r n  placement  on 
t h e  creels, t h e  loom m o d i f i c a t i o n s  and t h e  set  up r e q u i r e -  
ments were p lanned ,  and t h e  programming for  t h e  loom w a s  
designed.  T r i a n g u l a r  cross s e c t i o n  wood mandre ls  t o  be 
used  f o r  checking  c e l l  s i z e s  d u r i n g  weaving were a l s o  
des igned  and fabr icated d u r i n g  t h i s  t a s k .  

4 



ITEM 1 

NEXTEL CERAMIC YARN 
# THROUGHOUT 

Q-FIBER FELT 

ITEM 2 

NEXTEL CERAMIC YARN 
THROUGHOUT 

- Q-FIBER T F R C I - 2 0 - 1 2  
FELT 

NICALON SILICON 
CARBIDE YARN 

ITEM 3 

NICALON SILICON 
CARBIDE, NEXTEL 
CERAMIC HYBRID 

NEXTEL CERAMIC YARN 
FELT BOTTOM FACE 

AND RIBS ITEM 4 

NICALON SILICON 
CARBIDE YARN 
THROUGHOUT 

Q-FIBER FELT 

FIGURE 2-1 

SCHEMATIC VIEWS OF FOUR BLANKET 
PANELS TO BE PRODUCED IN PROGRAM 
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DESIGN FABRICS & PROGRAMMING 

PROCURE & PREPARE 
INSULATION 

PROCURE & PREPARE YARNS 

SET UP LOOM & DEBUG - 
L 

WEAVE FABRIC 
, 

+ MODIFY LOOM SET UP & DEBUG * 
U WEAVE FABRICS I 

I INSERT INSULATION 

HEAT CLEAN I -~ 
I CHARACTERIZE 

I INSPECT 8 SHIP I 
1 I 

1 

FIGURE 2-2 

PROGRAM PLAN FOR PRODUCING INSULATION PANELS 
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2 . 2 . 2  

I t  appeared t h a t  t h e  m o s t  d i f f i c u l t  i t e m  t o  produce  
would be I t e m  2 ,  t h e  doub le  l a y e r  f a b r i c ,  so  it w a s  
decided t o  weave t h i s  f i r s t  and t h e n  f o l l o w  w i t h  I t e m s  
1, 3 and 4. Because of  t h e  h i g h  y a r n  cos ts ,  it was 
f u r t h e r  dec ided  t o  set  up t h e  f i rs t  warp w i t h  ?lass 
y a r n  f o r  debugging b e f o r e  u s i n g  t h e  more c o s t l y  N e x t e l  
ceramic ya rn  r e q u i r e d  fo r  I t e m  2.  

Yarn Procurement and P r e p a r a t i o n .  The N e x t e l  and 
Nicalon y a r n s  w e r e  p rocured  and t h e n  p r e p a r e d  fo r  
weaving. The Nex te l  ceramic f i b e r  AB-312 c o n s i s t s  
of  390 con t inuous  f i l a m e n t s ,  having  a f i l a m e n t  diameter 
o f  10-12 micron.  Fo r  t h i s  program a 900 d e n i e r  1 / 2  
4 2  p l y  y a r n  w a s  s e l e c t e d .  T h i s  yarn  c o n s t r u c t i o n  
r e p r e s e n t s  2 s t r a n d s  of s i n g l e  con t inuous  y a r n s  Z 
t w i s t e d  t o g e t h e r  a t  4 t w i s t s  p e r  i n c h .  " M a t e r i a l s  
S a f e t y  Data Sheet"  s u p p l i e d  by 3M Company i s  shown i n  
Appendix A .  

The Nicalon y a r n  i s  a h igh  s t r e n g t h ,  c o n t i n u o u s ,  no 
t w i s t  s i l i c o n  c a r b i d e  f i b e r  w i t h  500 f i l a m e n t s  p e r  t o w .  
T h e  f i l a m e n t  d i a m e t e r  i s  approx ima te ly  10-15 microns .  

P a s t  expe r i ence  w i t h  these f r a g i l e  y a r n s  i n d i c a t e d  
t h a t  t h e  Nica lon  would have t o  be p r o t e c t e d  d u r i n g  
weaving by double  s e r v i n g  t h e  y a r n  w i t h  a 150 d e n i e r  
rayon.  T h i s  sp i r a l ly -wrapped  f i n e  ya rn  w a s  l a t e r  
removed d u r i n g  t h e  heat c l e a n i n g  o p e r a t i o n .  
Predetermined l e n g t h s  of t h e  N e x t e l  and se rved  Nica lon  
y a r n s  were wound on b r a i d e r  t u b e s  u s i n g  a mod i f i ed  
winding machine s u i t a b l e  for  f r a g i l e  y a r n s .  A 
s u f f i c i e n t  number of t h e s e  t u b e s  were p r e p a r e d  t o  
provide  a l l  t h e  warp ends  for  each  of t h e  f o u r  
f a b r i c s  des igned .  

P r i o r  work w i t h  Nica lon  s i l i c o n  c a r b i d e  y a r n  i n d i c a t e d  
t h e  need t o  handle  t h i s  m a t e r i a l  w i t h  s e r i o u s  though t  
f o r  t h e  s a f e t y  and h e a l t h  of p e r s o n n e l ,  p a r t i c u l a r l y  
w i t h  r e s p e c t  t o  p o t e n t i a l  d e r m a t i t i s  prob3.ems. Throughout 
t h e  program, from y a r n  p r e p a r a t i o n  t o  g e t t i n g  p a n e l s  r eady  
fo r  shipment,  a l l  p e r s o n n e l  i nvo lved  w e r e  i n s t r u c t e d  
o n  t h e  c a r e  r e q u i r e d  f o r  s a f e  h a n d l i n g  of t h e  m a t e r i a l .  
N o  s e r i o u s  problems were encoun te red .  A "Materials S a f e t y  
Data  S h e e t " ,  as f u r n i s h e d  by Dow Corning ,  i s  i n c l u d e d  i n  
Appendix B of t h i s  r e p o r t .  

2 .2 .3  Loom S e t  Up and Debugging. 
men t  involved t h e  placement  of creels behind  t h e  loom, 
load ing  them w i t h  t h e  t u b e s  of p repa red  warp y a r n s ,  and 
drawing t h e  y a r n  ends  th rough  t h e  loom. F i g u r e  2-8 i s  a 
schematic  view of  t h e  set up showing t h e  p a t h  of t h e  warp 
y a r n s  coming from t h e  creels. P a i r s  of warp y a r n s  are 
shown, each  p a i r  p r o v i d i n g  f o r  one  l a y e r  of c lo th .  The 
f o u r  p a i r s  shown were r e q u i r e d  f o r  I t e m  2 ,  t h e  double  l a y e r  

S e t t i n g  up t h e  weaving equip-  
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core material  s i n c e  it had t w o  o u t e r  face f a b r i c s ,  a 
middle f a b r i c ,  and r ib s .  The s i n g l e  l a y e r  core f a b r i c s  
r e q u i r e d  o n l y  t h r e e  p a i r s  of w a r p  y a r n s  s i n c e  t h e y  had 
no middle fabr ic .  

I t  was decided t o  weave core fabric  w i t h  a ground w i d t h  
of 71.1 c m  (28 i n c h e s )  w i t h  2.54 c m  (1 i n c h )  selvages.  
For  I t e m  2, 3,744 s p o o l s  of ECG 75 1/3 f i b e r g l a s s  y a r n  
were loaded on t h e  creels t o  p r o v i d e  t h e  warp system f o r  
debugging and weaving t r i a l s ,  and each  warp end w a s  
t ens ioned  w i t h  h a i r p i n  we igh t s .  The face f a b r i c  y a r n s  
w e r e  drawn over lease r o d s ,  t h rough  t h e  h a r n e s s e s  and 
t h e n  through t h e  r e e d .  The r i b  y a r n s  w e r e  drawn through 
i n  a s imi la r  manner e x c e p t  t h a t  t h e y  w e r e  d i r e c t e d  
around a p a i r  of d r i v e n  n i p  r o l l s ,  and t h a t  t h e  lease 
bars were s p r i n g  t e n s i o n e d .  Each of t h e  10 h a r n e s s e s  
had s u f f i c i e n t  hedd les  t o  accept i t s  s h a r e  of t h e  3,744 
y a r n s .  Yarns from t h e  h e d d l e s  w e r e  p u l l e d  th rough  t h e  
5.12 d e n t s  p e r  c m  (13 d e n t s  p e r  i n c h )  of  t h e  reed. Ten 
y a r n s  w e r e  drawn through each  d e n t  of  t h e  r e e d .  

A modif ied C & K Co t ton  King f l y  s h u t t l e  loom a d j u s t e d  
t o  o p e r a t e  a t  105 p i c k s  p e r  minute  w a s  used  f o r  t h e  
program. T h i s  loom w a s  mod i f i ed  w i t h  improved n i p  
r o l l s  f o r  m e t e r i n g  t h e  r i b  warp y a r n s .  A new take-up 
c o n t r o l  mechanism w a s  i n s t a l l e d  t o  p r o v i d e  r e l i ab le  
c o n t r o l  o f  t h e  take-up mot ion ,  and a l l o w  reverse movement 
of  t h e  woven c l o t h  d u r i n g  weaving. 

F igu re  2-9 i s  a view of t h e  warp y a r n s  coming off  t h e  
creels. F i g u r e  2-10 shows t h e  y a r n s  e n t e r i n g  t h e  rear  
a r e a  of t h e  loom. The face f ab r i c  y a r n s  can be s e e n  
p a s s i n g  ove r  t h e  l e a s e  r o d s ,  and t h e  r i b  f a b r i c  y a r n s  
over t h e  n i p  ro l l s .  I n  F i g u r e  2-11, t h e  warp y a r n s  can  
be seen  p a s s i n g  th rough  t h e  h e d d l e s  o f  t h e  h a r n e s s e s  
t o  t h e  r e e d ,  and t h e  y a r n s  e x i t i n g  t h e  reed where t h e  
f a b r i c  i s  formed i s  shown i n  F i g u r e  2-12. F i g u r e  2-13 
shows t h e  woven f a b r i c  be ing  p u l l e d  around t h e  take-up 
r o l l  and being wound on t h e  wind-up r o l l .  

A l l  ya rns  w e r e  p u l l e d  around t h e  take-up r o l l  and 
weaving w a s  s t a r t ed ,  u s i n g  g lass  y a r n  i n  t h e  f i l l .  
A f t e r  t h e  f a b r i c  w a s  formed, t h e  draw o f  t h e  y a r n s  w a s  
f u r t h e r  v e r i f i e d a g a i n s t  t h e  o r i g i n a l  d e s i g n ,  and t h e  
loom programming checked a g a i n s t  t h e  d e s i g n .  During 
t h e  debugging s e v e r a l  mechanica l  problems were encoun te red .  
Among t h e s e  were t h e  f o l l o w i n g :  

(1) Excess ive  broken f a b r i c  r i b  warp ends  d u r i n g  weaving. 
Th i s  problem was aggrava ted  by t h e  la rge  number o f  
warp y a r n s  i n  t h e  set  up which r e s u l t e d  i n  poor shedding  
and improper t r a c k i n g  of t h e  s h u t t l e s .  C o n s i d e r a b l e  
t i m e  w a s  s p e n t  i n  making a d j u s t m e n t s  t o  t h e  h a r n e s s  
levels and t o  a d j u s t i n g  t h e  p i c k i n g  mechanism. The 
probJ.em w a s  e v e n t u a l l y  a l l e v i a t e d  by s w i t c h i n g  ove r  t o  
smaller,  l i g h t e r  weight  s h u t t l e s .  
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Excess ive  broken ends and f l o a t s  on bottom f a b r i c  
f a c e .  
o f  warp y a r n s  pas s ing  th rough  t h e  h a r n e s s e s  which 
r e s u l t e d  i n  broken e n d s  and i n  e n t a n g l e d  h e d d l e s  
t h a t  d i d  n o t  p rov ide  p r o p e r  shed openings .  T h i s  
problem w a s  ea sed  by adding  a n  e x t r a  creel and 
r e d i s t r i b u t i n g  t h e  warp y a r n s  on t h e  creels. A l s o ,  
a m o d i f i c a t i o n  w a s  made t o  t h e  hedd le  r e s t r a i n t s  on 
t h e  h a r n e s s  f rames t o  a l l o w  t h e  hedd les  t o  move 
more f r e e l y  on t h e i r  s u p p o r t s .  

T h i s  problem w a s  a lso r e l a t e d  t o  t h e  crowding 

S l i p p a g e  of card c l o t h i n g  on take-up r o l l .  
take-up  r o l l  of t h e  loom w a s  covered w i t h  c a r d  
c l o t h i n g ,  a t a p e  wi th  s t a p l e - l i k e  p r o t r u s i o n s ,  
s p i r a l l y  wrapped around t h e  s u r f a c e  of t h e  r o l l .  
The ex t r eme ly  h i g h  l o a d  r e q u i r e d  t o  draw t h e  
f a b r i c  t h rough  t h e  loom caused  t h e  c a r d  c l o t h i n g  
t o  p u l l  away from i t s  wood s u p p o r t  on t h e  r o l l .  
The c a r d  c l o t h i n g  w a s  e v e n t u a l l y  removed and a 
h igh  d e n s i t y  i n s t a l l a t i o n  of  p i n s  w a s  made on t h e  
s u r f a c e  of t h e  wood s u p p o r t i n g  r o l l .  T h i s  e l i m i n a t e d  
t h e  s l i p p a g e  problem. The p inned  take-up r o l l  i s  
shown i n  F i g u r e  2-13. 

The 

A f t e r  a c o n s i d e r a b l e  debugging e f f o r t ,  t w o  feet  of  g lass  
f a b r i c  w i t h  ceramic f i l l  y a r n s  was s u c c e s s f u l l y  woven and 
t h e  f l u t e s  v e r i f i e d  f o r  p r o p e r  dimensions by i n s e r t i n g  
t h i r t e e n  c o n s e c u t i v e  wood check mandre ls  a f t e r  r e l i e v i n g  t h e  
t e n s i o n  on t h e  f a b r i c  w h i l e  s t i l l  on t h e  loom. A t e c h n i c i a n  
i n s e r t i n g  t h e s e  mandrels i s  shown i n  F i g u r e  2-14, and a 
c lose -up  of a p o r t i o n  of t h e s e  i n s e r t e d  mandre ls  shown i n  
F i g u r e  2-15. Based on t h i s  sample,  it w a s  d e c i d e d  t o  
s w i t c h  t h e  warp ove r  t o  ceramic y a r n  and t h e  g lass  y a r n  
on t h e  creels w a s  r e p l a c e d  w i t h  Nextel. The new warp 
w a s  t h e n  drawn th rough  i n  t h e  same manner a s  t h e  p r e v i o u s l y  
used g l a s s  ya rn .  

2 . 2 . 4  Weaving. A s  a n t i c i p a t e d ,  weaving o f  t h e  double  l a y e r  f a b r i c  
proved t o  be t h e  m o s t  d i f f i c u l t  t a s k  of t h e  program because  
of t h e  h igh  d e n s i t y  of f r a g i l e  warp y a r n s ,  ( t o t a l  number o f  
warp y a r n s  p e r  u n i t  of fabr ic  w i d t h ) ,  i n  t h i s  case, 51.2/cm 
( 1 3 0 / i n c h ) .  
phase  and noted  i n  paragraph  2.2.3 w e r e  h e l p f u l ,  c o n s i d e r -  
a b l e  t i m e  was r e q u i r e d  t o  weave t h i s  f a b r i c  w i t h o u t  
e x c e s s i v e  y a r n  breakage.  Yarn crowding was so s e v e r e  t h a t  
it became n e c e s s a r y  t o  i n s e r t  f i l l  y a r n s  manual ly  i n  t h e  
bottom f a c e  f a b r i c ' s  l ock ing  sequence.  
problems,  I t e m  2 w a s  s a t i s f a c t o r i l y  completed.  

While t h e  a c t i o n s  t a k e n  d u r i n g  t h e  debugging 

I n  s p i t e  o f  t h e s e  

A f t e r  comple t ion  of t h e  doub le  l a y e r  f a b r i c ,  t h e  set up was 
modi f ied  by removing t h e  c r e e l e d  N e x t e l  warp y a r n s  from t h e  
middle  f a b r i c  l a y e r  and from one r i b  f a b r i c ,  bo th  of which 
w e r e  no l o n g e r  needed. 
i n  a manner s i m i l a r  t o  t h e  p rocedure  used i n  t h e  o r i g i n a l  
set up. 

The remain ing  y a r n s  w e r e  t h e n  redrawn 

N e w  programming was i n s t a l l e d ,  and t h e  s i n g l e  l a y e r  
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f l u t e d  fabr ic ,  I t e m  1, was woven. N o  unusua l  problems 
were encoun te red  i n  weaving, p r i m a r i l y  because  t h e  warp 
y a r n  d e n s i t y  w a s  reasonably  l o w ,  30.7/cm ( 7 8 / i n c h ) .  A t  
t h e  comple t ion  of I t e m  1 weaving,  t h e  set up w a s  modi f ied  
a g a i n ,  t h i s  t i m e  t o  remove t h e  N e x t e l  t o p  f a c e  warp y a r n s  
and r e p l a c e  them w i t h  Nicalon s i l i c o n  carbide y a r n s  i n  
p r e p a r a t i o n  for  weaving I t e m  3. A f t e r  drawing i n  t h e  
y a r n s  and i n s t a l l i n g  t h e  programming, weaving proceeded 
w i t h o u t  any unusual  problems, a g a i n  because  t h e  warp 
d e n s i t y  w a s  low, 25.2/cm ( 6 4 / i n c h ) .  The s e t  up w a s  
mod i f i ed  aga in  a f t e r  complet ing t h e  weaving o f  I t e m  3 by 
r e p l a c i n g  t h e  c r e e l e d  Nextel  y a r n s  of t h e  lower face 
and r i b s  w i t h  Nica lon ,  redrawing ,  and i n s t a l l i n g  t h e  new 
program f o r  I t e m  4 ,  t h e  a l l - N i c a l o n  f l u t e d  f a b r i c .  
Weaving proceeded wi thou t  problems, because  of t h e  p r o t e c t i v e  
s e r v i n g  on t h e  y a r n  and because  of t h e  l o w  warp y a r n  d e n s i t y ,  
18.9/cm ( 4 8 / i n c h ) .  A l l  f o u r  f l u t e d  f a b r i c s  w e r e  now ready  
t o  be f i l l e d  w i t h  i n s u l a t i o n .  

2 .2 .5  I n s u l a t i o n  P r e p a r a t i o n .  The NASA-supplied FRCI-20-12 
Type 3 i n s u l a t i o n  f o r  f i l l i n g  one l a y e r  of t h e  doub le  
f l u t e d  core f ab r i c  w a s  i n  a r i g i d  form, and,  as  r e c e i v e d ,  
c o u l d  be c u t  i n t o  m a n d r e l s  s u i t a b l e  f o r  i n s e r t i o n .  The 
on ly  problem encountered  w i t h  t h i s  mater ia l  w a s  i t s  
abrasive n a t u r e .  I n  c u t t i n g  t h i s  m a t e r i a l  on a c i r c u l a r  
s a w  t h e  c o n v e n t i o n a l  b l a d e s  used  became t o o  d u l l  t o  u s e  
a f t e r  c u t t i n g  o n l y  about  a dozen mandre ls .  For  c u t t i n g  
l a r g e  q u a n t i t i e s  i t  i s  b e l i e v e d  t h a t  o t h e r  t y p e s  of 
b l a d e s  or c u t t i n g  discs cou ld  be used .  

P r e p a r i n g  t h e  Q-Fiber  F e l t  f o r  u se  as i n s u l a t i o n  mandre ls  
r e q u i r e d  deve lop ing  a procedure ,  s i n c e  t h e  a s - r ece ived  f e l t  
had n e i t h e r  t h e  r i g i d i t y  no r  t h i c k n e s s  t h a t  w a s  r e q u i r e d .  
The material  h a s  a nominal t h i c k n e s s  of 1.27 c m  ( 1 / 2  i n c h )  
and a bu lk  d e n s i t y  of 3.57 Kg/cubic  meter (6  l b s / c u b i c  f o o t ) ,  
which co r re sponds  t o  a n  a r e a l  d e n s i t y  of 1 . 2 2  Kg/sq meter 
(36 o z / s q  y d ) .  The t a s k  w a s  t o  compress and r i g i d i z e  t h e  

m a t e r i a l  i n t o  a f e l t  having a n  a c t u a l  t h i c k n e s s  e q u a l  t o  
i t s  nominal va lue ,  and t o  m a i n t a i n  t h e  nominal bu lk  d e n s i t y .  
I n  a p r e v i o u s  program, Q-Fiber  F e l t  as  r e c e i v e d  had a 
t h i c k n e s s  o f  1.59 c m  (5 /8  i n c h ) .  I t  w a s  found n e c e s s a r y  
t o  h e a t  t reat  t h e  mater ia l  p r i o r  t o  any compressing 
o p e r a t i o n s  t o  p r e v e n t  contaminat ion  from appea r ing  on 
t h e  f e l t  or subsequen t ly  on t h e  f l u t e d  core f a b r i c .  An 
aqueous s o l u t i o n  of an a c r y l i c  r e s i n  w a s  used  t o  s a t u r a t e  
t h e  f e l t ,  which w a s  then  compressed between t w o  p l a t e s  
and d r i e d .  B a s i c a l l y ,  t h i s  w a s  t h e  p rocedure  planned t o  
be used f o r  t h e  c u r r e n t  program. The i n i t i a l  Q-Fiber  F e l t  
used fo r  t h e  new e f f o r t  had t h e  same t h i c k n e s s  as t h a t  
used i n  t h e  p r e v i o u s  program and t h e  p rocedure  used was 
e s s e n t i a l l y  per t h e  p lan .  However, mater ia l  r e c e i v e d  
subsequen t ly  had a t h i c k n e s s  of 2.86 c m  (1 1 / 8  i n c h )  and 
cou ld  n o t  be compressed p r o p e r l y  by t h e  o r i g i n a l  p rocedure .  
A d e v i a t i o n  i n  t h e  procedure was t h e r e f o r e  developed for  t h e  
t h i c k e r  f e l t  r e c e i v e d .  The o r i g i n a l  and d e v i a t e d  p r o c e d u r e s  
are shown i n  F i g u r e  2-16. 
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RECEIVE 0-FIBER FELT 
152.4CM X 91.4CY 

(601N. X 361N.1 
SHEETS 

* 

' CUTINTO PANELS 
30.5CM X 71.1CM 

(121N. X 281N.l 

* 

I 
TO 0.635CM(.251N.) 

HEAT CLEAN 
454.4'C (85OoF) 

2 HOURS 

PREPARE ACRYLIC 
SOLUTION 

50% ACRYLIC 
- - - - -  : 50% DEIONIZED WATER SATURATE PANELS 

I t , a 1 lOOOML(33.8 OZ) 
ON EACH SIDE 

F I 

1.27CM(.50IN.) 
FOR 2 0  MINUTES 

PREPARE ACRYLIC 
SOLUTION 

40% ACRYLIC - - - - I  60% DEIONIZED WATER 

COMPRESS TO 
0.6 35CM(.2 5IN.I 

12 1 .OC(25OoF) 82.2OC( 1 8OoF) 

- - - - - - - -  CUT 6 PREPARE 
MANDRELS 

FIGURE 2-16 

PROCEDURES FOR PREPARING I N S U L A T I O N .  
DASHED LINES SHOW DEVIATIONS REQUIRED 

FOR THICKER Q-FIBER F E L T  RECEIVED.  
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T h e  fo l lowing  d i s c u s s i o n  c o v e r s  a d d i t i o n a l  i n f o r m a t i o n  
p e r t i n e n t  t o  t h e  i n s u l a t i o n  p r e p a r a t i o n  p rocedure :  

Q-Fiber  F e l t  Shee t s .  A l l  m a t e r i a l  a s - r e c e i v e d  came 
i n  s h e e t s  152.4 c m  x 9 1 . 4  c m  (60 i n c h e s  x 36 i n c h e s ) .  
These w e r e  c u t  w i t h  a k n i f e  i n t o  30.5 cm x 71.1 cm 
(12 i n c h e s  x 28 i n c h e s )  p a n e l s  f o r  subsequen t  

p r o c e s s i n g .  Seven p a n e l s  were c u t  f r o m  each  sheet 
w i t h  a minimum of waste. 

Heat C lean ing .  P a n e l s  w e r e  p l a c e d  on r a c k s  made of  
f l a t  expanded meta l  t r a y  s u r f a c e s  suppor t ed  by f o u r  
l e g s .  The m e t a l  t r a y  s u r f a c e s  w e r e  covered  w i t h  c l e a n  
A s t r o q u a r t z  f a b r i c  t o  p r e v e n t  con tamina t ion  t o  t h e  
f e l t .  H e a t  c l e a n i n g  was c a r r i e d  o u t  i n  a l a r g e  a i r -  
c i r c u l a t i n g  oven. 

Dry Compressing. When working w i t h  t h e  t h i n n e r  
Q-Fiber  F e l t ,  t h e  s a t u r a t e d ,  compressed and d r i e d  
p a n e l s  ma in ta ined  t h e i r  1 .27 c m  ( 1 / 2  i n c h )  t h i c k n e s s .  
At tempts  t o  compress t h e  t h i c k e r  Q-Fiber  F e l t  i n  t h e  
same manner r e s u l t e d  i n  p a n e l s  t h a t  r ecove red  a lmos t  
t o  t h e i r  a s - r ece ived  c o n d i t i o n .  I t  w a s  found t h a t  
pre-compressing the  f e l t  t o  0.635 c m  ( 1 / 4  i n c h )  i n  a 
d r y  s t a t e  was h e l p f u l  i n  a c h i e v i n g  t h e  d e s i r e d  
t h i c k n e s s  a f t e r  subsequen t ly  compress ing  when s a t u r a t e d .  

Binder  Trea tment .  The binder used  f o r  s a t u r a t i n g  t h e  
f e l t  p r i o r  t o  compression w a s  Carboset, an a c r y l i c  
r e s i n  p r o d u c t  of B. F. Goodrich C o .  which i s  a c lear ,  
water s o l u b l e  system c o n t a i n i n g  40% r e s i n  s o l i d s .  A 
50% s o l u t i o n  of t h i s  m a t e r i a l  i n  d e i o n i z e d  w a t e r  w a s  
used f o r  s a t u r a t i n g  t h e  i n i t i a l  t h i n  Q-Fiber  F e l t  
p a n e l s ,  b u t  a t t e m p t s  t o  u s e  t h i s  c o n c e n t r a t i o n  on 
t h e  t h i c k e r  f e l t  were u n s a t i s f a c t o r y .  

I t  w a s  found t h a t  t h e  r e s i n  m i g r a t e d  t o  t h e  pane l  
s u r f a c e s  d u r i n g  d r y i n g  t o  such a d e g r e e  t h a t  mandre ls  
c u t  from t h e s e  p a n e l s  had an  ex t r eme ly  ha rd  s u r f a c e  
t h a t  damaged t h e  f a b r i c  f l u t e s  d u r i n g  i n s e r t i o n .  
Reducing t h e  r e s i n  c o n t e n t  i n  t h e  s a t u r a t i n g  s o l u t i o n  
by 20% was h e l p f u l  i n  a l l e v i a t i n g  t h i s  problem. 

F o r  t h e  s a t u r a t i n g  o p e r a t i o n ,  each  p a n e l  w a s  p l a c e d  
on a s h e e t  of  p o l y e s t e r  f i l m  which i n  t u r n  had been 
p l a c e d  on a 35.6 c m  x 76.2 c m  x 0.635 c m  ( 1 4  i n c h e s  x 
40 i n c h e s  x 1 / 4  inch)  clear a c r y l i c  p l a t e .  1000 m l  
(33.8 o z )  of  t h e  d i l u t e d  s o l u t i o n  w a s  poured on one  
s i d e  of  t h e  f e l t .  The p a n e l  w a s  t u r n e d  ove r  and an  
e q u a l  amount of  s o l u t i o n  poured on t h e  second s i d e .  
F i g u r e  2-17 shows s a t u r a t i n g  r e s i n  b e i n g  added t o  t h e  
f e l t .  
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(5)  Compressing and Drying. F i g u r e  2-18 i s  a schemat i c  
view of t h e  a p p a r a t u s  used fo r  compressing t h e  
s a t u r a t e d  p a n e l s .  A l a y e r  of p o l y e s t e r  f i l m  w a s  
p l a c e d  on t o p  of  t h e  s a t u r a t e d  p a n e l ,  and an a c r y l i c  
p la te  i d e n t i c a l  t o  t h e  bottom p l a t e  p l a c e d  over t h e  
f i l m .  
t h e  t o p  and below t h e  bottom a c r y l i c  p l a t e s ,  and 
s p a c e r s  p l a c e d  around t h e  e d g e s ,  between t h e  t w o  
p l a t e s .  S p a c e r s  f o r  p a n e l s  t h a t  o r i g i n a t e d  from t h e  
t h i n  Q-Fiber  F e l t  were 1 . 2 7  cm ( 1 / 2  i n c h )  t h i c k .  
Space r s  f o r  p a n e l s  o r i g i n a t i n g  from t h e  t h i c k e r  
f e l t  w e r e  0.635 c m  (1/4 i n c h )  t h i c k .  C-clamps w e r e  
used t o  compress t h e  p a n e l s  t o  t h e  spacer t h i c k n e s s e s .  
The compressed assembly i s  shown i n  F i g u r e  2-19. 
A f t e r  20 minu tes ,  p r e s s u r e  w a s  released and t h e  t o p  
p l a t e  and f i l m  removed from t h e  s t a c k .  

Lengths  of steel  channel  w e r e  p o s i t i o n e d  above 

The compressed s a t u r a t e d  f e l t  made from t h e  t h i n n e r  
Q-Fiber  F e l t ,  a long  w i t h  t h e  bottom l a y e r  of  
p o l y e s t e r  f i l m ,  w a s  p l a c e d  on a s t a i n l e s s  s teel  s h e e t  
suppor t ed  on t h e  d ry ing  r a c k ,  as shown i n  F i g u r e  2-20, 
and d r i e d  i n  t h e  c i r c u l a t i n g  oven a t  121.1OC (250OF) 
f o r  8 hours .  These p a n e l s  r e t a i n e d  t h e i r  compressed 
t h i c k n e s s  a f t e r  d r y i n g  and were ready  for  b e i n g  c u t  
i n t o  mandrels .  Because of  t h e  probl.em of e x c e s s i v e  
r ecove ry  and r e s i n  m i g r a t i o n ,  t h e  p a n e l s  made from 
t h e  t h i c k e r  f e l t  were d r i e d  more s lowly .  A f t e r  
p l a c i n g  t h e s e  s a t u r a t e d  compressed p a n e l s  on t h e  
r a c k ,  t h e y  w e r e  a i r  d r i e d  a t  room t e m p e r a t u r e  over -  
n i g h t  and t h e n  oven d r i e d  a t  82.2OC (180OF) f o r  9 
hours .  These p a n e l s  s t i l l  e x h i b i t e d  some r e s i n  
m i g r a t i o n  on t h e  s u r f a c e s  b u t  w e r e  c o n s i d e r e d  
s u i t a b l e  f o r  c u t t i n g  i n t o  mandre ls .  

(6) C u t t i n g  and P repa r ing  Mandrels.  A s t a n d a r d  r i p  
s a w  b l a d e  on a table  s a w  w a s  used  t o  c u t  t h e  d r i e d  
p a n e l s  i n t o  mandre ls ,  as shown i n  F i g u r e  2-21. The 
s a w  a n g l e  w a s  se t  t o  60° t o  c u t  t h e  e q u i l a t e r a l  
t r i a n g u l a r  cross s e c t i o n .  F i g u r e  2-22 shows t h e  
t a r g e t  cross s e c t i o n  dimensions of t h e  i n s u l a t i o n  
mandrels .  Mandrel l e n g t h s  were 7 1 . 1  c m  (28 i n c h e s )  

2.2.6 I n s e r t i o n  of I n s u l a t i o n  Mandrels.  P r i o r  t o  i n s e r t i n g  t h e  
mandre l s ,  a l l  s h a r p  edges w e r e  removed by f i l i n g .  T o  
f a c i l i t a t e  t h e  i n s e r t i o n  t a s k ,  it w a s  n e c e s s a r y  t o  expand 
t h e  f a b r i c  f l u t e s  as much as  p o s s i b l e  p r ior  t o  i n s e r t i n g  
each  mandrel .  T h i s  w a s  done by i n s e r t i n g  s e v e r a l  wood 
check-mandrels i n  t h e  f l u t e s  a d j a c e n t  t o  t h e  one t o  be 
f i l l e d  w i t h  i n s u l a t i o n  a s  shown i n  F i g u r e  2-23. 

Because of some of t h e  weaving problems encoun te red ,  a 
number of f l u t e s  i n  some of t h e  f a b r i c s ,  e s p e c i a l l y  t h e  
double- layered  I t e m  2 ,  had " t i g h t " ,  or s l i g h t l y  smaller 
d imens ions  t h a n  o t h e r s .  
t a i lo red  t o  f i t .  
i n  t h e  i n s e r t i o n  t a s k .  

For  t h e s e  f l u t e s ,  mandre ls  w e r e  
There were no major problems encountered  
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FIGURE 2-18 
SCHEMATIC ASSEMBLY OF COMPRESSION APPARATUS 
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FOR ITEMS 162 

4 k O S l M M ( 0 . 0 2  IN.) 

FOR ITEM 3 

4 ~1.27MM(O.O51N.) 

1.19CY(0.47 t IN.) 1.19CM(0.471N.) 

4 lSMM(0.061N.) 

t 
1.1 4CM(0.451N.) 

FOR ITEM 4 

FIGURE 2-22 
TARGET CROSS SECTION DIMENSIONS FOR INSULATION MANDRELS. 
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2.2.7 Heat Cleaning. The insulated panels were positioned on 
the drying racks and heated in the circulating oven at 
454.4"C (850OF) for four hours after which time the 
organic acrylic insulation binder, yarn lubricants, and 
rayon serving appeared to be essentially removed. A 
completed insulated panel of Item 3 ,  having a Nicalon 
top face and having Nextel ribs and bottom face, is 
shown in Figure 2-24. 

2.2.8 Characterization. Each of the four fabrics produced 
were characterized in their as-woven, (greige goods) 
form . 
Measurements were made of the warp and fill yarn counts 
in the fabric faces and ribs, areal weights, and of the 
thicknesses of the face fabrics. After heat cleaning, 
areal weights and thicknesses of the insulated panels 
were measured. These measurements are presented in 
Tables 2-1 to 2-4 along with the target values that 
were estimated at the start of the program. A review 
of this data shows that there was less than 7.00% difference 
between the actual and target greige goods fabric weights. 
The differences between the actual and target insulated 
panel weights were also small, and with the exception of 
Item 2 ,  the double layer fabric panel, all panel weights 
were below target estimates. Considering all the 
variations that go into the weaving of a complex textile 
fabric such as fluted core, and the variables added by 
inserting an insulation material in the flutes, it is 
felt that this correlation is exceptionally good. 

After characterization, the panels were inspected and 
were found to be free of any major defects. They were 
then carefully packaged and shipped to NASA. 
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T a b l e  2-1 

C h a r a c t e r i z a t i o n  of F a b r i c s  a n d  I n s u l a t e d  P a n e l s  

F a b r i c  Yarn Count  

Top Face 
(Warp x F i l l )  

Ends/cm x P i c k s / c m  
Ends / in  . x P i c k  s / i n  . 

R i b s  
Ends/cm x P i c k s / c m  
Ends / in .  x P i c k  s / i n  . 

Bot tom F a c e  
Ends/cm x Picks / cm 
Ends / in  . x P i c k s / i n .  

F a b r i c  Area l  Weigh t  
Kg/sq. meter 
oz./sq. yd.  

P a n e l  A r e a l  W e i g h t  
Kg/sq. meter 
oz./sq. yd .  

F a b r i c  Face  T h i c k n e s s  
Top Face  

mm 
i n .  

Bot tom F a c e  
mm 
i n  . 

P a n e l  T h i c k n e s s  
cm 
i n .  

A c t u a l  

I t e n  1 

T a r g e t  

1 0 . 3  x 8.9 
26 .2  x 22.7 

1 0 . 3  x 8.9 
26.2 x 22.7  

1 0 . 3  x 8.9 
26 .2  x 22.7 

1 .67  
49.0 

2 .78  
8 1 . 7  

0 .43  
0.017 

0 .43  
0 .017  

1.52 
0.60 

10.2 x 1 0 . 2  
26 .0  x 26 .0  

10 .2  x 10 .2  
26.0 x 26 .0  

10 .2  x 10.2 
26 .0  x 26.0 

1 .68  
49.6 

2 .91  
86.0 

1 .30  
0 .51  
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T a b l e  2-2 

C h a r a c t e r i z a t i o n  of F a b r i c s  a n d  I n s u l a t e d  P a n e l s  

F a b r i c  Yarn Count  

Top F a c e  
(Warp x F i l l )  

Ends/cm x P icks / cm 
End s / i n  . x P i c k  s/in . 

R i b s  
Ends/cm x Picks/crn 
End s / i n  . x P i c k  s / i n  . 

Bottom F a c e  
Ends/cm x Picks / cm 
Ends / in .x  P i c k s / i n .  

F a b r i c  Areal Weigh t  
Kg/sq. meter 
oz./sq. yd.  

P a n e l  Areal Weight  
Kg/sq. meter 
oz./sq. yd.  

F a b r i c  F a c e  T h i c k n e s s  
Top F a c e  

mm 
i n .  

Bottom F a c e  
mm 
i n .  

P a n e l  T h i c k n e s s  
c m  
i n .  

A c t u a l  

Item 2 

T a r g e t  

10 .4  x 9 .6  
26 .3  x 24.4 

1 0 . 4  x 9.6 
26 .3  x 24.4 

10 .4  x 9.6 
26 .3  x 24.4 

2.98 
87.6 

6.24 
183 .6  

0.46 
0 . 018 

0.46 
0.018 

3.15 
1.24 

10 .2  x 10 .2  
26 .0  x 26.0 

10 .2  x 10 .2  
26 .0  x 26.0 

1 0 . 2  x 10 .2  
26 .0  x 26.0  

2 .91  
85.8 

5 . 8 7  
173 .0  

2 . 5 7  
1 . 0 1  
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T a b l e  2-3 

C h a r a c t e r i z a t i o n  of F a b r i c s  a n d  I n s u l a t e d  P a n e l s  

I 38 

F a b r i c  Yarn Count  

Top F a c e  
(Warp x F i l l )  

Ends/cm x Picks / cm 
Ends / in .x  P i c k s / i n .  

R ibs  
Ends/cm x Picks / cm 
Ends / in .  x P i c k s / i n .  

Bottom F a c e  
Ends/cni x P i c k s / c m  
Ends / in  . x P i c k  s/i n.  

F a b r i c  Areal Weigh t  
Kg/sq. meter 
oz./sq. yd. 

P a n e l  A r e a l  Weigh t  
Kg/sq. meter 
oz./sq. yd.  

F a b r i c  F a c e  T h i c k n e s s  
Top Face  

mm 
i n .  

I Bottom F a c e  
mm 
i n .  

P a n e l  T h i c k n e s s  
cm 
i n .  

A c t u a l  

Item 3 

T a r g e t  

6 . 3  x 7 . 1  
16 .0  x 1 8 . 0  

9.4 x 10 .7  
24 .0  x 27 .1  

9.4 x 10 .7  
24.0 x 27 .1  

1.51 
44.4 

2 . 4 5  
7 2 . 1  

0 .38  
0 .015  

0 .48  
0.019 

1 . 4 0  
0.55 

6.3 x 6.3 
16 .0  x 1 6 . 0  

9.4 x 9.4 
24.0 x 24.0 

9.4 x 9.4 
24.0 x 24.0  

1 . 4 2  
41.8 

2.64 
78 .0  

1 . 3 2  
0.52 



Table  2-4 

C h a r a c t e r i z a t i o n  of F a b r i c s  and I n s u l a t e d  P a n e l s  

F a b r i c  Yarn Count 

Top Face 
(Warp x F i l l )  

Ends/cm x Picks/cm 
Ends/in.x P icks / in .  

Ribs  
Ends/cm x Picks/cm 
Ends/in.x P icks / in .  

Bottom Face  
Ends/cm x Picks/cm 
Ends/in . x Pick s / in .  

F a b r i c  Areal Weight 
Kg/sq. meter 
oz./sq. yd. 

P a n e l  Areal Weight 
Kg/sq. meter 
oz./sq. yd. 

F a b r i c  Face Th ickness  
Top Face 

mm 
i n .  

Bottom Face  
mm 
i n  . 

P a n e l  Th ickness  
cm 
i n .  

Item 4 

Actua l  

6.3 x 7.1 
16.0 x 18.1 

6.3 x 7.1 
16.0 x 18.1 

6.3 x 7.1 
16.0 x 18.1 

1.11 
32.5 

2.20 
64.8 

0.38 
0 . 015 

0.38 
0.015 

1.42 
0.56 

T a r g e t  

6.3 x 6.3 
16.0 x 16.0 

6.3 x 6.3 
16.0 x 16.0 

6.3 x 6.3 
16.0 x 16.0 

1.03 
30.4 

2.25 
66.4 

1.27 
0.50 
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3.0 

40 I 

CONCLUSIONS AND RECOMMENDATIONS 

The feasibility of weaving Nextel ceramic and Nicalon 
silicon carbide yarns into fluted core, multi-faced 
fabrics was demonstrated. Single layer, triangular 
cross section, fluted core fabrics made from these 
yarns with warp yarn densities up to 30.7/cm (78/inch) 
can be woven fairly readily. Doub3.e layer fabrics of 
the same type are considerably more difficult to weave 
unless the warp yarn density can be reduced appreciably 
below the 51.2/cm (130/inch) . A procedure to prepare 
and insert mandrels of Q-Fiber Felt into the flutes to 
make insulated panels from these fabrics was also 
demonstrated. 

Recommendations to be considered for future efforts are 
as follows: 

(1) For further efforts to weave double layer core 
fabrics using these fragile, high temperature yarns, 
consideration should be given to a less dense weave 
construction to reduce the yarn densities in the 
loom. Changes in the creel arrangement could be 
made to minimize the number of friction points on 
the warp yarns. This would help to minimize 
tensioning problems. Additional harnesses should 
also be considered to reduce the large number of 
ends per harness, and thereby reduce the problem of 
warp yarns becoming entangled with each other. A 
special type of reed might also be considered, one 
with thinner dent wires. This would provide more 
free space for the yarns as they pass between the 
dent wires. 

(2) Additional work should be considered on improved 
methods to fill the flutes with insulation. Use 
of binders other than acrylics should be explored, 
and drying techniques to minimize binder migration 
investigated. Also, a program to develop mandrels 
compressed to an undersized condition, and have 
them capable of expanding to fill the flutes 
after heat treatment, would provide a rapid 
method for inserting insulation into the flutes. 
Insulation mandrels could be inserted with a 
minimum amount of friction resistance from the 
interior surfaces of the flutes, and the mandrels 
would not be obstructed by tight warp ends in the 
flutes. 

(3) Alternate methods for filling the flutes with 
insulation should also be explored. 
of silica, or other high temperature fibers, in 
water might be introduced into the flutes to 
provide wet felts. When dewatered, the flutes 
should be completely filled with insulation. 

Suspensions 



This study should investigate the insulation 
density attainable and the effect of fiber length 
and orientation on insulation efficiency and 
strength. 
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Health Safety Bulletin Technical Bulletin 

Inhalation 
h a n h  h-rds aSSOClated Wlth lhe InhAlatlon Of 
Nextel' 312 bramlc Flben Are judged lo  be 
mlnlmal k s e d  upon cumnt lhoory and 
knowledge A typlcal Nedel 312 Ceramic Fiber 
m y  be charactemed as havlng a large diameter 
(7 lo 13 microns) In .ddltlon to gnat bngth As a 
mult.  these flbers w l d  not be m l d o r e d  lo  be 
In lhe nsplrable nnge 

Daa wmplled at the Fulmer Research Institute 
Indicates that fibers between .bout five mlcrons 
and lW microns long and about two mlcrons 01 
h s  In diameter are mom suspect In causing 
ba l th  problems due lo  Inhalation Small diameter 
flben from materials BuCh AS ubostos can be 
Inhaled Into the lungs and m ~ y  cause flbrwls 
u cancar 

Whlk no health standards exlst f o r  employee 
oxporun to Node132 Ceramic Flben, a 
cornpanson can be mde wlth c u m t  
Occupatlonal Safely and Health (NIOSH) 
slandards for fiberglass expo~ure The OSHA 
asbestos flber standard doe18 nol allow moco th.n 
two flbers per  cublc mntlmeter of air ksed  on a 
Count of fibers greater than five microns In bngth 
fhe NIOSH proporsd standard for f l k w s  91.56 
mates that o more lhan lhme fibers per cublc 
wntlmeter of air havlng a diameter loss than 3.5 
microns and a length gnator than ten microns 
a l l  be present In the workplace air AS a lime 
welghled average concantration foc up to a ten 
hour workShlft In A 40 hMlr  w01I~w8ek Thc 7 10 13 
mlcron diameter Nedel 3 2  Ceramic Fibers are 
w l s i d e  of the diameter nnge of flben to be 
ngulated by the PfOpOSOd BtandArd In A6dltlOn. 
the concentration of a i m  Nedel 312 bramic 
Flben monltored In typlcal procarsing ana5 have' 
b w n  tound l o  be w!y kw and well wlthin the 
prOpOWd NlOSH Blud.rd 

Loc~lued exhaust and/or use of .pprowd dust 
NsphtOr8 Is recommended in an8.~ where Nextel 
312 Ceramic Flbera become nadlly airborne 
Adequate @enoral venlllation and 
housekeeping practices mduce Vm unount of 
alrbomc fibers In the wod@.cc 

' 

Skin Initation 
Temporary local akin Inltatlon may occur when 
processlng or uslng Nextel 312 Ceramlc Flber 
materials. Thls Irrltatlon Is almllar to lhat 
produced by glass fibers, and Is typlfied by ltchlng 
and slight reddening And #welling of lhe rkln. 
Processes whlch ykld excessive fllament 
bmah~ge, auch AS chopplng. Increase the 
potentlal for ekln Inltatlon. Adequate local 
exbust wntllation, good houwkwdlng practlces, 
and careful work hablts help lo reduce exposure. 
Safety g l a s ~ s  and protective clolhlng. BuCh as 
lab coats, gloves. and tlght fltting cuffs, provlde 
Mi t ional  protection to skin and eyes If lnltrtlon 
OCCUR. wash skin wlth m p  and water and 
change clolhlng. 

Heat Cleaningllieat Treating 
Nedel Ceramic Flben are coated durlng 
manuhctum wlth rlrings or flnlshes whlch nowe 
AS AIds In textile processing Slzlng 170 (an 
oqanlc polymer) Is generally used AS rlzlng for 
Nextel 32 Ceramic Flbers After processing, the 
rlzlng Is n m o M  by heat cleanlng and may 
decompose to hazardous byproducts or process 
Contaminants Delalbd air sampling analysls 
during b a t  ckanlng has shown carbon monoxlde 
l o  be lhe pnbomlnant byproduct wlth trace 
quantities of other compounds wnerated 
Yearuns laken to control urbon  monoxide k w l s  
wlll sufficiently nmom any additlord byproducts 
Control of carbon monoxlde k w l s  may be most 
effectively AChleved lhrough lhe use of exhaust 
ventllation. for example an exhaust enclosure or 
hood The wntllation system rhould provide a 
minimum captun wloclty of 150 feet per mlnute 
and not be aubj6ct to disturbances produced by 
cross drafts &e Heat CleanlnglHeal Tmating 
Procedure Bulletin for detailed instructions 
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